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PSEUDO-DC RESTORE APPLICATION TO 
STARING ARRAY DETECTORS 

The invention described herein may be manufac 
tured, used, and licensed by the U8. Government for 
governmental purposes without the payment of any 
royalties thereon. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , . 

The present invention is in the ?eld of staring array 
detection, and particularly in pseudo DC restoration by 
integrated circuit techniques on the individual detector 
outputs and continuous comparison with adjacent de 
tector outputs. 

2. Description of the Prior Art 
Previously, the pseudo DC restore process of detec 

tor outputs in infrared (IR) viewing systems was applied 
to linear array detectors. Some techniques were syn 
thetic and relied on the application of mathematical 
algorithms on the detector signals. The pseudo DC 
restore algorithm derived a correction signal for a mem 
ber of an array of linear detectors. The correction signal 
was based on the median of the signals detected by the 
detector and its previous linear array. Some additional 
modi?cations were required to prevent saturation ef 
fects, but the correction was the signal proportional to 
the difference between the medians. 
The principal problem addressed in the present in 

vention is the element-to-element variation of the sensi 
tivity parameters of the individual detector element in 
the array to correct each detector element in the staring 
array detector system. In the previous DC line-to-line 
restore process of the scanning detector array system, 
the signal to correct the linear detector array was de 
rived from one detector in which the direction of prop 
agation was unilateral for accumulated error. 

SUMMARY OF THE INVENTION 

The present invention is comprised of a pseudo DC 
restoration application for staring array detectors in 
which the signal for staring array correction is derived 
from all adjacent detectors wherein the errors intro 
duced may propogate in all directions to be compared 
with adjacent uncorrected detector outputs to produce 
corrected output signals from each detector. 
The present staring array detector system is an image 

detector that is comprised of an array of discrete detec 
tor elements on a monolithic semiconductor. The de 
tected signals are controlled and derived by circuit 
components integrated into the same chip so that degra 
dation can be limited in nearly real time. These detector 
elements are connected through charge coupled or 
charge transfer devices (CCDs or CTDs), or similar 
technology, so that the image information can be trans 
mitted to other components of the system. The present 
method of pseudo DC restoration is comprised of an 
approximation of the median of the differences derived 
from all four of the adjacent discrete detectors whose 
outputs are accumulated and are applied to each detec 
tor being DC restored. , 
The present method of DC restoratin speci?cally 

involves accumulating the comparison difference sig 
nals from all of the adjacent detectors in a bias accumu 
lator. Since no storage of signals is involved in the presi 
ent method, the adaptive corrective signal produced at 
the output of the bias accumulator is produced in near 
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2 
real time. The adjacent charge signals have the median 
of their differences derived and added as a continuous 
adaptive corrective bias to the uncorrected detector 
outputs generated from each of the detectors in the 
staring array detector system. A charge is accumulated 
from the adjacent charge signals in the bias accumulator 
if the pixel detected signal for each pixel is less than the 
adjacent charge signals, or the charge is depleted if the 
detected signal for each pixel is greater than the adja 
cent charge signals. The bias accumulator time inte 
grates the comparison detected signals of the pixel with 
adjacent pixels over intervals comparable to the integra 
tion time constant. The rate of accumulation is con 
trolled by the average difference in the median of the 
four signals and the median selected over the same 
interval. Because the differences derived from all the 
adjacent diserete detectors are computed as a result of 
the signal being generated and not the original signal, a 
stationary image is expected to fade out completely. If 
some sort of delay to “zero” of the changes is allowed, 
an over response and recovery of a very low level of the 
original picture would result which would not suppress 
the salt-and-pepper noise effect on the output of the 
staring array imaging system. The blanking however 
applies equally well to both picture and static noise. 
Thus, if the source image is allowed to move about, the 
signal will be retained although somewhat modi?ed and 
the salt-and-pepper noise will be repressed. It should be 
noted that in a staring array there must be some move 
ment, such as the platform upon which the imager is 
mounted or leakage current in the bias accumulator 
which provides stabilization. Dwell time in the bias 
accumulator needs to be long enough to provide the 
leakage current. 
The invention will be better understood with refer 

ence to the following drawings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram of one possible 
implementation of the present spatial median difference 
?ltering of the present invention; and ‘ 
FIG. 2 is a functional block diagram of a previous 

method of sensor calibration for an array type image 
detector in which the present invention is an improve 
ment thereover. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Refer to FIG. 1 in which the dashed lines separate 
two neighbors in an array of individual sensor circuit 
cells. The .two sensor elements are only used to be rep 
resentative of an entire detector staring array. Each 
individual sensor cell has its own detector 10, adder 12, 
output 14 to some readout means, such as CCD, CTD 
or ?eld-effect-transistor (FET) (not shown), and bias 
accumulator 16 associated therewith. Comparison 
means, such as comparison switches 20, 40, 60, and 80, 
are electrically connected at the intersection between 
adjacent sensor circuit cells and are electrically coupled 
with the adjacent cells throughout the entire detector 
staring array even though only two cells are shown. 
FIG. 2 illustrates a perspective of a typical detector 
staring array function when used in the intended envi 
ronment of, say for example, citing an enemy tank 22 
through optics 24 associated with the detector staring 
array 26. In the previous method as shown by FIG. 2 
however the storage requirement often necessitated a 
periodic maintaince type of regeneration of the refer 
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ence image 34 which further complicated service and 
maintenance of the system. The present system does not 
need a stored reference image at all but rather has con 
tinuous DC restoration therein. 
The present method of DC restoration for the detec 

tor staring array actually combines the previous func 
tion of the image subtraction 28, which is the function 
of the present adder 12, with the processor 32 and 
stored reference image 34, which are respectively the 
functions of the present comparison means and the bias 
accumulator 16, onto the same surface layer as the de 
tector array 26 of a monolithic substrate. The mono 
lithic substrate may be made of many layers of silicon 
with the photosensitive layer on top and the wiring and 
switching circuitry within. 

Referring to only one sensor cell for explanation of 
the entire detector array, the light, or IR radiation, is 
detected by detector 10. The uncorrected detector out~ 
put generated by the detector 10 that is exposed to the 
scene radiation is supplied to the adder 12 at one input 
thereto. Detector 10 may have ampli?ers, such as pre 
ampli?ers or integrated circuit (IC) ampli?er associated 
therewith for enhancing the uncorrected detector out 
put current supplied to the adder 12. Additional ampli? 
cation outside of the detectors however is needed. The 
signal to which the uncorrected detector output current 
is added is an adaptive corrective signal from the bias 
accumulator 16. The adaptive corrective signal will be 
discussed herein below, but is a signal determined by 
comparison of the uncorrected detector output of each 
cell with adjacent uncorrected detector outputs. A cor 
rected output signal is continuously produced at the 
output of the adder 12 when the system is operational. 
The adder 12 controls how much of the adaptive cor 
rective signal is being used so that the system is not 
saturated. 
Assume that the detector staring array has just been 

turned on, the adder 12 ?rst provides the uncorrected 
detector output therethrough that simultaneously is 
applied at the output 14 to some readout circuitry 
means (not shown), such as TV type readout or CCD 
type readout and to the four adjacent comparison 
switches 20, 40, 60, and 80. The output 14 may be an 
output bus with FET circuitry, and may possibly have 
a matrix of cross wires to apply spot voltage differen 
tials across select pixels. The output signal is essentially 
analog in which the scanned output may be cluster 
scanning or have some algorithm formation. Outputs 
from the comparison switches, which are logical, are 
voltage outputs. Each comparison switch is comparing 
the output signals from two adjacent detectors and has 
an output therefrom which goes to the same two adja 
cent bias accumulators af?liated with each individual 
sensor circuit cells. Each comparison switch is there 
fore comparing the output signals from two of the adja 
cent detector-adder circuits. The properties of each 
comparison switch are such that a positive (enhance 
ment) signal is transmitted to the adjoining sensor cir 
cuit cell that has an output signal representing the lesser 
of the two compared signals, and conversely a negative 
(inhibition) signal is transmitted to the adjoining sensor 
circuit cell that has an output representing the greater of 
the two compared signals. ‘ 
The four outputs from the four adjacent comparison 

switches are applied to and accumulated in the bias 
accumulator 16 of each of the sensor circuit cells. The 
bias accumulator 16 provides the adaptive corrective 
signal that is added with the uncorrecteddetector out 
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4 
put in the adder 12 to produce the continuous corrected 
outputv signal which is simultaneously applied to the 
readout means‘andto the four adjacent comparison 
switches for comparison with the four adjoining contin 
uously produced corrected output signals. 
The bias accumulator may be comprised of a capaci 

tor charged by the four voltages from the comparison 
switches through four large resistors, say of 100 kilo 
ohms resistance. Alternatively, the bias'accumulator 
may be an integrated circuit having a reservoir in which 
electrons may be collected and which has a characteris 
tic time constant that is within the scope of the system 
operation. The time constant of 'either the capacitor 
resistor circuit or the integrated circuit is a design pa~ 
rameter which is adapted to the type signal being 
sensed, i.e. either a rapid or a slow charge type signal. 
The signal outputs from the comparison switches that 
enter the bias accumulator are integrated over time, and 
are‘preferably stabilized by a small leakage outward 
current. The leakage current out of the resistors in the 
resistor-capacitor circuit provide movement and there 
fore stabilization of the image. The‘integ'rated circuit 
has inherent leakage current and reset for stabilization 
of the imager. When the signals from the comparison 
switches are of fixed magnitude, i.e. areindepend'ent of 
the magnitude of the difference, the result is the median 
signal ?lter where the average of the signals is the me 
dian. The operation, or functional form, by which the 
adaptive corrective signal, or control signal, may take 
are several. Primarily, the de?nition of the contol signal 
in terms of the‘adjacent'pixel signals and the use to 
which this signal is applied are the logical choices to be 
made. It is entirely possible that many combinations 
may be effective, but only one is suggested'herein. The 
speci?c choices from which the example was selected 
are (a) a difference signal derived from pixel values, (b) 
the sum of differences of pixels, (0) a function derived 
from the differences applied to either an added constant 
or a multiplicative constant to the detected signal to 
connect it to output. 
For a better understanding of DC restoration of the 

staring array detectors think in terms of the output from 
each bias accumulator 16 and adder 12 as being fed to 
all of the comparison switches associated with the four 
adjacent sensor circuit cells. Each comparison switch 
compares the two output signals from adjacent adders 
as stated above and provides a voltage output signal 
therefrom back to the bias accumulator 16 of the adja 
cent sensor circuit cells. Each of the bias accumulators 
has four individual voltage inputs thereto from the four 
adjacent comparison switches. The comparison 
switches themselves have an actual transfer function 
which may be a logical “on-off” signal or any other 
single valued function. The bias accumulator 16 has a 
reference image continuously stored therein by the 
accumulation of the compared four adjacent signals, 
and provides the adaptive corrective control signal to 
adder 12 in accordance with the reference image. The 
present system may, code different electrically encoded 
image data of the detected image at the output 14. 

Iclaim‘: " 

1. Av method of DC restoration in a staring array 
detector system on a monolithic semiconductor by con 
tinuously comparing the detector output of each sensor 
cell with the outputs from detectors in adjacent sensor 
cells .vlover all of the staring array, said means compris 
mg; I, , 
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generating an uncorrected detector output from each 
of the detectors in said staring array detector sys 
tem; 

supplying the generated uncorrected detector output 
to one of two inputs of an adder; 

providing an output signal from said adder which is 
applied by circuit components integrated into said 
monolithic semiconductor to readout means and is 
simultaneously applied to signal comparison means 
in four adjacent comparison switches for compar 
ing said output signal from said adder in said signal 
comparison means to the output signals from each 
of the adjacent adders; , 

accumulating the compared signals from said four 
adjacent comparison means in a bias accumulator 15 
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6 
to provide a continuous adaptive corrective signal 
therefrom wherein the rate of accumulating is con 
trolled by the average difference in the median of 
the four adjacent compared signals and a median 
selected over the same interval; and 

applying said adaptive corrective signal to a second 
input of said adder for combining with the gener 
ated uncorrected detector output to produce a 
corrected output signal which is continuously pro 
duced by said adder to said readout means and to 
said signal comparison means and said bias accu 
mulator for providing pseudo DC restore applica 
tion to said staring array detector system. 
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